A triphenylmethane-4-nitroaniline salt has been synthesized and the crystals have been grown by using slow evaporation solution growth technique. The grown single crystal was investigated by recording the powder XRD, FT-IR spectrum, UV-Vis spectrum, Vickers microhardness test, dielectric measurements and powder SHG. The growth of crystal was confirmed by analyzing the XRD pattern and it was stated that the grown material crystallized in triclinic system. Vibrational peaks of the functional groups existing in the compound were identified. Vickers microhardness studies were carried to measure the mechanical strength. In order to identify the phase transition temperature, the dielectric studies were carried out at different temperatures. Dielectric constant, dielectric loss and impedance of the crystal were monitored with respect to the frequency of electric field.
Introduction
In recent days, considerable advances have been developed in the field of nonlinear optics (NLO). The development of fiber optic communication systems has stimulated the search for new high-efficiency NLO materials which are capable of processing the optical signals in fast manner. Nowadays, the NLO is getting more and more researchers' interest due to its potential applications in the field of optoelectronics and telecommunication systems [1, 2] . Many organic crystals have been reported with high nonlinear optical character because most of the organic systems are made of delocalized π electrons which create a friendly environment to convert the frequency of electromagnetic radiation in an efficient manner [3] . Organic nonlinear materials have large optical susceptibilities, and high optical thresholds compared with their counterparts [4] [5] [6] [7] . 4-nitroaniline (4NA) and its derivatives are among the most extensively examined NLO materials and its molecular * E-mail: n.prabavathi@yahoo.co.in structure has donor-π-acceptor system which enables it to achieve relatively high second harmonic conversion (SHG) efficiency [8] .
Triphenyl methane (TPM) is stabilized by extensive delocalization over three phenyl rings. Nevertheless, due to steric effects, delocalization of charge is not occurring at the same time on the three rings. Instead, each ring influences the other two, out of coplanarity, forming a three blade fan structure, so that the delocalization takes place in the phenyl ring if p-orbital of the anionic carbon is parallel to the p-orbital of any other phenyl ring [9] Generally, the charge transfer molecule shows high optical nonlinearity. Hence, we planned to synthesize triphenylmethane-4-nitroaniline (TPMNA) salt and to grow the crystals. In this manuscript, we gave the information about the growth and characterization of TPMNA crystals.
Materials and methods
The title material was synthesized from triphenyl methane (Alfa Aesar) and p-nitroaniline (Alfa Aesar) which were mixed at the stoichiometric ratio of 1:1. Triphenyl methane was dissolved in 50 mL of toluene and 4-nitroaniline was dissolved in acetone (50 mL). The dissolved triphenyl methane and nitroaniline solutions were stirred continuously using a magnetic stirrer for 2 hours. The prepared homogeneous mixture was kept undisturbed to evaporate at room temperature. Disappearance of the solvent yielded tiny crystals and this tiny crystals were purified by continual recrystallization process. The yellow crystal was harvested after 10 days. Fig. 1 shows the picture of an as-grown TPMNA crystal. The reaction involved in synthesis of TPMNA is illustrated by the following equation:
(1) Fig. 1 . Photograph of as-grown TPMNA crystal.
Results and discussion

Powder XRD analysis
Powder X-ray diffraction patterns recorded for the grown crystals by a SHIMADZU XRD 6000 X-ray diffractometer are shown in Fig. 2 . Comparison of TPM [10] and 4NA (JCPDS Card No. 38-1962) with the XRD pattern of TPMNA reveals that the grown TPMNA has a different structure and new composition. Miller indices estimated by powder Crysfire software along with 2θ values of triphenyl methane and TPMNA crystals are given in Table 1 . The cell parameters of the TPMNA crystal indicate that it belongs to triclinic crystal system. The calculated cell parameters are given in Table 2 . 
FT-IR spectral study
FT-IR spectrum of TPMNA crystal was recorded in the range of 400 cm −1 to 4000 cm −1 using IFS BRUKER FT-IR spectrometer and it is shown in Fig. 3 . The band observed at 3019 cm −1 is due to the C-H stretching of aromatic ring. Generally, the N-H stretching vibrations show absorption in the range of 3140 cm −1 to 3500 cm −1 . A band observed at 3298 cm −1 is due to the N-H stretching vibrations. Symmetric [11] . The peak at 1723 cm −1 confirms the existence of functional group C-C=C symmetric stretching [12, 13] . The group assignments confirm the chemical structure of the grown crystal.
UV-Vis-NIR spectral study
UV-Vis absorption was performed to study optical properties of the grown TPMNA crystal. The UV-Vis-NIR spectrum of TPMNA was documented in the wavelength range of 200 nm to 1100 nm using Agilent technology Cary 60 UV-Vis nano-spectrometer and it is shown in Fig. 4 . Optical absorption study shows that the cut-off wavelength of TPMNA is 294 nm [14, 15] .
The band gap energy of TPMNA was calculated from the equation:
whereh is the Planck constant = 6.626 × 10 −34 J/s, c is the speed of light = 3.0 × 10 8 m/s, λ is cut-off wavelength = 294.007 × 10 −9 m. Band gap energy value of the TPMNA crystal was found as 6.625 eV.
Vickers microhardness studies
Vickers microhardness technique is used to study the elastic and plastic nature and to determine the mechanical strength of a material. Vickers microhardness tests were carried out by placing the crystal over a platform and applying a load of different magnitude to the samples. Using the relation given below, the hardness value has been calculated:
where P is the magnitude of a load applied to the sample and d is the diagonal length of the impression created by the indenter.
The plots of hardness number H v versus load P and logP versus logd are shown in Fig. 5 .
Up to 50 g, the hardness value increases with an increase of load; after that cracks have been developed due to the internal stress created by the indenter. Generally, work hardening coefficient value of the harder materials lies between 1 and 1.6, and is greater than 1.6 for softer materials [16] . The hardening coefficient value of TPMNA is around 2.7692 and it reveals that the grown crystal has a soft nature [17, 18] .
Dielectric measurements
Dielectric measurements were carried out for the grown sample in function of frequency and temperature. The dielectric constant has been calculated by using the following expression:
where C is the capacitance value, A and d are the area and thickness of the sample, respectively. Generally, in dielectric materials, application of electric field causes polarization. Electronic, ionic, orientation and space charge polarization can be observed at the time of applying the electric field to a material. From this polarization mechanism the relative permittivity and dielectric loss of the material were calculated. The dielectric loss r factor was calculated by using the relation:
The plots of dielectric constant and dielectric loss versus log frequency for TPMNA are shown in Fig. 6a and Fig. 6b .
It is observed from the Fig. 6a and Fig. 6b that the values of dielectric constant and loss decrease gradually when the frequency increases. This is a behavior of a typical dielectric material. The high value of dielectric constant at lower frequencies region may be attributed to the occurrence of space charge polarization [19, 20] .
These curves suggest that the grown crystal is suitable for the frequency conversion process. The AC conductivity has also been calculated as a function of applied frequency using the following relation:
where 0 and ω are permittivity of free space and angular frequency (ω = 2πν) of the applied field, respectively. The dependence of AC conductivity on log f is shown in Fig. 6c . It is seen that the AC conductivity increases with an increase in the applied frequency [21] .
NLO studies
The second harmonic generation (SHG) properties of a grown crystal of TPMNA have been examined using the input energy beam of Nd:YAG laser (λ = 1068 nm), 1.2 mJ/pulse with a pulse duration of 10 ns and frequency repetition of 10 Hz to a microsize crystalline powder sample. Emission of green beam confirmed the SHG properties of the grown crystal. The power output of the microcrystalline sample is comparable to the standard KDP The standard KDP crystal gives a SHG signal of 24 mV for the same input energy. TPMNA crystal gives a SHG signal of 30 mV. The SHG efficiency of TPMNA is 1.25 times higher than that of KDP crystal [22] .
Conclusions
Good quality single crystals of triphenyl methane 4-nitroaniline (TPMNA) have been grown at room temperature. Structural characterization of the grown crystals confirmed that the obtained crystal has different crystal system compared to the parent materials. The presence of functional groups and their vibrational character has been studied. It has been confirmed by the optical spectra analysis that the crystal has wider transparency in the visible and NIR region; also the band gap energy value has been found as 6.625 eV. The microhardness analysis revealed that triphenyl methane belongs to soft material category. Dielectric nature of the grown crystal was studied by varying the frequency of the electric field and the temperature. SHG emission from the sample was confirmed by observing the green radiation in Kurtz and Perry technique.
